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The existing l i t e ra ture  which is concerned with var ious pa rame te r s  
(Fuks! Lyshevskii2,  Vyrubov3, and others)  examines problems of acce l -  
eration and inhibition of droplets in a gas flow. 
tigations of thermal  and "expendable" influence (effect) on gas flow 
during evaporation and appearance of droplets by condensation*. 
solution of those problems the mechanical interaction between the gas  
and droplets was not conside red. 

Also known are inves-  

In the 

Kh. A. Khassan in  his  investigations5, 1964, used a successive 
approximation method for  solving the problem on thermal  and mechanical 
interaction between solid particles and a gas  flow. The par t ic le  dynamic 
equation in  this study was made by a l inear (Stokes) approximation with- 
out the p re s su re  gradient which significantly limits the application a r e a  
of this method. 

This article examines the gas flow and droplets ,  the tempera ture  
and velocity of which a r e  essentially different; therefore ,  the thermal  
and mechanical interaction is  considered and the droplet  dynamics 
equation is made in fo rm of a quadratic law where the p re s su re  grad i -  
ent is a l so  considered. 

As presented in  this  a r t ic le  the problem is useful for  instances 
appearing frequently in the technology, and will satisfy within the 
following limitations: 

1. The l ines  of the flow change smoothly, the channel length is 
g rea t e r  than the width; suitable one -dimensional approximation. 

2. No  chemical and phase changes. 

3 .  Number of droplets occuring in 1 kg. of gas ,  their  dimensions, 
and the pa rame te r s  of the gas  a r e  such that the following inequality is  
formed: 

where  

dk - statist ical  mean.diameter of the droplet  by weight, 
I - stat is t ical  mean distance between the droplets,  
L - l inear  dimension of total flow. 

4. The thermal  conductivity of the liquid is high; therefore ,  i t  is 
a s s u m e d  that the droplet  temperature is distributed equally. 
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5. The gas velocity with respect  to the droplet  should be subsonic. 
The following assumptions a r e  used fo r  the composition and solution of 
the equations: 

a) the probability of a break-up and collision of the droplets 
is  negligible; all the droplets of uniform dimensions a r e  equal by weight 
according to their  statistic.al mean [dk ] ;  

b) the mechanical interaction between the gas  and droplets 
occur s  in f o r m  of an elast ic  impact;  dissipation of energy during this 
process  is insignificant. 

According to the inequality (1) a small  volume contains a la rge  
number of droplets with respect  to the total flow. The gas  and droplet  
parameters  in this volume a r e  uniform in s ize  and change smoothly in 
the direction of flow. 
action with each droplet  will 1-eve1 off in a shor t  interval.  Therefore  
the gas  parameters  may be averaged for a smal l  volume (element) 
integrating al l  droplets affecting the flow. This i s  equivalent to con- 
sidering a volumetric force of interaction with droplets ,  and the heat 
capacity of droplets in the volume ( P k ,  Q ]  . 

Disturbances in  the gas flow caused by the in t e r -  

F o r  calculation of that process  we will use separa te  equations for  
each phase. 

Equation of the gas  flow dynamics: 

dw t dp = p k .  
pw dx dx 

This equation may be used he re  a s  an extension of the Bernoulli 
equation: 

Equation of the f i r s t  element for  gas  in motion for  a stationary coordi-  
nate system: 

dQ = dl  t Ad ( $ ) t AdL. ( 3 )  

Equation of state: 

p = pRTg. 
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Equation of discontinuity: 

Equation of the droplet  dynamics: 

Equation of the droplet  heat balance: 

CLQk ( T - Tk)' mkgck  7 dTk . 

Considering that 

dQ = - P C k d T k ,  

and normalizing the sought functions at their  init ial  values we obtain: 

2 -- 1 - . -  F '  t W W '  t pepo u u '  = 0 ;  
kM: P 

p =  Ptr ; 

- - -  
w p F = l ;  

- dxk 
u o u = -  . 

d-r ' 
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The following symbols were  introduced in the Equations (2)  - (17): 

PCk 1 Tko . 
AR kMz To 

B=-.-.- 

w ,  p, T, p ,  F, R , k ,  Cp, M - velocity, p re s su re ,  temperature ,  density, 

c r o s s  section, gas  constant,,  adiabatic indicator,  heat capacity a t  a 
constant p re s su re ,  and the Mach number of a gas flow; 

u, pp, Tk, c k ,  - velocity, density,  temperature  and heat ca-pacity of the 

liquid phase (droplet); 

S - c r o s s  section of the flow taken by the liquid phase; 
mk, Vk, Rk, dk - m a s s ,  volume, surface and the droplet  d iameter ;  

C, 
a - heat t ransfer  coefficient f rom gas  to droplet ;  
( ) '  - derivative by x; 
pLx - coefficient of additional m a s s ;  

- coefficient of the resis tance;  

kcal. . 
kg*mass  ' 

A = (421)-' 

g = 9.81 m / s e c 2  ; 

xk - coordinate of the droplet  at a moment  of t ime Tk. 

- -  The following unknowns a r e  in the sys tem (1 1) - (18): W , U ,  t r , F ,  - - - -  
p,  tk, Xk, S. The initial conditions : a t  Tk = 0, Xk = 0, w = u  = t r  = tk _ - -  
'p 'p = s =  1. 
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The above mentioned coefficients should be used fo r  the solution, - 
also the F(x)  o r  any other  unknown function. 
over  a la rge  range the coefficients Cx, a, C,, and k a r e  variables.  

If the pa rame te r s  change 

Generally the solution of the system (11) - (18) i s  - obtained numer -  
In the i sobar ic  and isochoric  process ,  when F(x) must  be such ically.  

that i t  will satisfy 5 = 1 o r  F =  1, certain functions a r e  found to be in a 
terminal  form o r  in the ,quadratures (19) - (29). 

The isobaric  process  

-2 w = 1 - pep; ( i i 2  - 1 ) ;  
/ 

ck* P I -  g-dk  
t exp’  

B ( k - l ) % ’ + l  + I - TO 
TO tk - 

[ B ( k - 1 )  M: - t I]  Tko 
Tko 

Tk 

Tko 
- t 1 

t exo’ 

exD J .T 
I 

‘k‘ P1‘gndk 
X I n  : (22) 

3 + 1 
B ( k - l ) % ’ + l  - Tko - exp Tko 
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1 - p = r ;  
t r 

- 1  s = - .  
- 9  u 

1 

W P  

- 
F = = .  

The isochoric process  

( w 2 -  1 ) +  p & 2 -  1 ) = 2 y ;  

t, = 1 - k M i y ;  

I . 
C 

dk 

PQ 
i i 2  - - 3 L(rJ1 t zy  - pqo" ( ii2 - 1)  

0 
-*d P o  '2 

1 - exp 

0 - 
p = t r ;  

- 1  s = -  * 
- )  

U 

Tko B k ( k -  1)M; f - 
To T 

( 3 4 )  

6 



Figures  1 , 2 ,  and 3 show resul ts  of the isochoric process  calcu-  
lation to i l lustrate  the influence of the relative flow ra t e  (p), the drop-  
l e t  dimension d , the initial conditions of the droplet  heating period, 
and the leveling-off rate of the velocities. 
a calculation was made f o r  the water  vapor, where the water  had 
constant values throughout the process  C, = 0.62;  k = 1.3; 

( k )  
Using an electronic computer, 

kg* m a s s  R = 47 , and initial values of Tko = 290"K, Tro = 2100"K, 
kg. 

m 
sec  

po = 2atm and uo = 50 - , wo = f ( M o )  when the vapor f i r s t  appeared, 

that i s ,  at the very moment  when the temperature  of the droplet  reached 
the tempera ture  of saturation a t  a local pressure .  

In Jenkins'work6 the deformation of the droplet  was considered by 
the selection of the value C,. 

Completion of the inequality 
distance ( I )  between the droplets 

W 

'7 0 . F  
I c 
0 1 2  3 4 5 p .  

Figure  1 

(1) was controlled by estimating the 
using equation 

0.4 
1 2 3 4 5 p  

Figure  2 

F o r  analyzed examples I > 3dk i n  a l l  c r o s s  sections. Figures  1 
and 2 show the dependence of the gas  temperature  and relations between 
the velocit ies of phases,  corresponding to the beginning of evaporation, 
f r o m  the relative flow ra te  (p). 
coordinate point, where evaporation begins, f rom p. The dashed curves 
indicate droplets of 500 mic ra  in diameter ;  the continuous curves,  50 
m i c r a  i n  diameter .  
Mach numbers  (0 .2;  0. 5). 

Figure 3 shows the dependence of the 

All the dependencies a r e  shown for the two i,. t 1 
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MtXM tx 
M,=0.5 - /- 
/-- / 

/-- 

Figure 3 Figure 4 

Figure 4 shows changes of tempera tures  and velocities in the 
direction of flow in o rde r ,  to i l lustrate  the charac te r i s t ic  of the flow 
process  a t  M, = 0. 2 and p = 0. 1. 
wide range of possible values that a r e  charac te r i s t ic  of the gas  dynamic 
process  that depends upon the above discussed conditions of i t s  flow 
(dk, p, M, and o the r s )  pr ior  to the beginning of the phase changes. 

The calculation resu l t s  indicate the 
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